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(57) Provided is a varnish including 1 to 500 parts by weight of an aromatic tetracarboxylic acid diester (A) represented
by General Formula (1), 1 to 450 parts by weight of 2-phenyl-4,4’-diaminodiphenyl ether (B), 1 to 100 parts by weight
of a 4-(2-phenylethynyl)phthalic acid monoester (C) represented by General Formula (2), and 100 parts by weight of an
organic solvent having a boiling point of 150°C or less at 1 atmosphere or a mixture of two or more of the organic solvents
(D). The components (A), (B), and (C) are dissolved in the varnish.
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(In the formula, R is an aromatic tetracarboxylic acid diester residue; R, and R5 are the same or different and are an

aliphatic organic group or an aromatic organic group.)
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(In the formula, R4 and Ry are a hydrogen atom, an aliphatic organic group, or an aromatic organic group.)

[Fig. 1]
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Description
Technical Field

[0001] The present invention relates to a polyimide resin composition and a prepreg and a fiber-reinforced laminate
including the composition, and specifically relates to member materials usable in various fields requiring excellent mold-
ability and high heat resistance, including aircraft and apparatuses for the aerospace industry.

Background Art

[0002] Aromatic polyimides are categorized into the highest level of heat resistance among polymers, also have
excellent mechanical, electric, and other characteristics, and thus have been used as materials in various fields including
the aerospace and the electronics.

[0003] Common aromatic polyimides are unsuitable to use particularly for melt molding or as the matrix resin of fiber-
reinforced composite materials due to the poor processasbility.

[0004] To use the aromatic polyimide as the matrix resin for fiber-reinforced composite materials, thermal addition
reactive polyimides are typically used as follows: the polyimides still having a low molecular weight is impregnated into
fibers; and then the polyimides is crosslinked and cured in the final process. PMR-15 is exemplified as one of the
representative examples of polyimide resins previously developed for fiber-reinforced composite materials. PMR-15 is
a thermal addition reactive imide resin with about 1 to 6 of the repeating unit which has a main chain formed by conden-
sation reaction between benzophenonetetracarboxylic acid diester and diaminodiphenylmethane, and 5-norbornene-
2,3-dicarboxylic anhydride monoester (known as nadic anhydride) as an end-capping agent (Non-Patent Document 1
and Non-Patent Document 2).

[0005] The nadic acid at each terminal of PMR-15 undergoes crosslinking reaction through ring-opening addition
reaction in thermal curing process, and is considered to generate no volatile component during the crosslinking reaction.
The thermally cured PMR-15 resin exhibits a high glass transition temperature, and thus has been used as the matrix
resin for fiber-reinforced composite materials.

[0006] The production of a PMR-15 prepreg is carried out by a process of dissolving benzophenonetetracarboxylic
acid diester, diaminodiphenylmethane, and 5-norbornene-2,3-dicarboxylic anhydride monoester as the raw materials in
various alcohols to give a solution and then impregnating fibers into the solution. The fiber-reinforced composite material
is produced by the hot press molding of the prepreg stacked in advance under a vacuum condition.

[0007] Furthermore, imide oligomers prepared by using 4-(2-phenylethynyl)phthalic anhydride as the end-capping
agent are considered to give excellent moldability of a composite material and excellent balance between the heat
resistance and the mechanical characteristics of a produced composite material, and are described in Patent Document
1, Patent Document 2, Patent Document 3, Non-Patent Document 3, and Non-Patent Document 4, for example.
[0008] Patent Document 1 discloses the terminally modified imide oligomers that have a logarithmic viscosity number
of 0.05 to 1, are obtained by the reaction of 2,3,3’,4’-biphenyltetracarboxylic dianhydride having a bend, and non-planar
structure, aromatic diamine compounds, and 4-(2-phenylethynyl)phthalic anhydride, and give cured products having
good heat resistance and mechanical characteristics. Patent Document 1 also discloses that the invention can give a
novel, highly practical terminally modified imide oligomer and a novel cured product of the terminally modified polyimide
having good toughness and mechanical characteristics such as heat resistance, elastic modulus, tensile strength, and
elongation, as the advantageous effects.

[0009] Another preparation process of a composite material has been studied as follows: an amic acid oligomer, which
is the precursor of an imide oligomer, is dissolved in an organic solvent such as N-methyl-2-pyrrolidone; then the solution
is infiltrated into fibers to give a semidried amic acid wet prepreg partially containing the solvent, as an intermediate;
and a plurality of the prepregs are stacked and then heated and pressurized in a vacuum condition to yield a composite
material.

[0010] In addition, Patent Document 2 discloses a terminally modified imide oligomer represented by General Formula
(4) and a cured product of the oligomer.
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[0011] (Inthe formula, Ry,, Ry3, and Ry, are an aromatic diamine residue; Ry, is a divalent aromatic diamine residue
derived from 9,9-bis(4-(4-aminophenoxy)phenyl)fluorene; m and n satisfy relations of n > 0 in the case of R4= R4y, n >
1inthe case of R4 =R43, m>0,1<m+n <20, and 0 <n/(m + n) < 1; and repeating units are optionally arranged in
a block sequence or a random sequence.)

[0012] Patent Document 2 describes that the invention can give a terminally modified imide oligomer capable of being
dissolved in organic solvents such as N-methyl-2-pyrrolidone at a high concentration and can give a novel cured product
of the terminally modified polyimide having good toughness and mechanical characteristics such as heat resistance,
elastic modulus, tensile strength, and elongation, as the advantageous effects.

[0013] In Patent Document 3, the inventors of the present invention have found that terminally modified aromatic imide
oligomers by 4-(2-phenylethynyl)phthalic anhydride synthesized from aromatic diamines including 2-phenyl-4,4’-diami-
nodiphenyl ether, 1,2,4,5-benzenetetracarboxylic acid show high solvent solubility, excellent melt flowability and mold-
ability at a high temperature, and give thermally cured products exhibiting excellent heat resistance and high mechanical
characteristics.

[0014] In addition, the preparation of the composite materials has been studied as follows: the terminally modified
imide oligomer is dissolved at a high concentration to give an imide oligomer solution; then the solution is impregnated
into carbon fibers to give a semidried imide wet prepreg partially containing the solvent, as an intermediate; and a plurality
of the prepregs are stacked and then subjected to thermal curing to yield a composite material. The preparation of the
imide wet prepreg is for the purpose of uniformly attaching the imide oligomer solution onto the surface of carbon fibers.
[0015] Patent Document 4 discloses a cured product, a prepreg, and a fiber-reinforced composite material that are
obtained by heating a solution prepared from an aromatic tetracarboxylic acid containing a 2,3,3’,4’,-biphenyltetracar-
boxylic acid component, an aromatic diamine containing no oxygen atom in the molecule, and an end-capping agent
having a phenylethynyl group. Patent Document 4 describes that the invention can give a polyimide cured product having
excellent heat resistance and oxidation resistance, as the advantageous effects.

Citation List
Patent Literatures
[0016]

Patent Document 1: JP-ANo. 2000-219741
Patent Document 2: JP-A No. 2006-312699
Patent Document 3: International Publication WO 2010/027020
Patent Document 4: International Publication WO 2013/141132

Non-Patent Literatures
[0017]

Non-Patent Document 1: Serafini, T.T.; Delvigs, P.; Lightsey, G.R., Journal of Applied Polymer Science, 1972, 16
(4), 905-915.

Non-Patent Document 2: Serafini, T.T., NASA Technical Memorandum, 83047, 1982.

Non-Patent Document 3: Hergenrother, P.M.; Smith Jr, J.G., Polymer, 1994, 35 (22), 4857-4864.

Non-Patent Document 4: Yokota, R.; Yamamoto, S.; Yano, S.; Sawaguchi, T.; Hasegawa, M.; Yamaguchi, H.;
Ozawa, H.; Sato, R., High Performance Polymers, 2001, 13 (2), S61-S72.
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Summary of Invention
Technical Problem

[0018] The above PMR-15 resin is an imide resin having an extremely small repeating unit number and a molecular
weight of about 1,500 for achieving both the moldability of a composite material and the heat resistance after thermal
curing, and thus has a disadvantage of low toughness of a cured resin after thermal crosslinking. In addition, diamin-
odiphenylmethane with high carcinogenicity is used, so that an operator who directly handles the resin might have been
unfortunately affected by the diaminodiphenylmethane.

[0019] When post heat treatment is carried out at a temperature of 300°C or higher in order to further increase the
heat resistance of a cured resin of PMR-15, the terminal crosslinked moiety is thermally decomposed to generate
cyclopentadiene as gas, which is likely to cause delamination in a fiber-reinforced composite material. PMR-15 thus has
a disadvantage in molding processability for achieving a high quality composite material without voids or other defects
in the material and a disadvantage of readily deteriorating mechanical properties of a composite material.

[0020] A wet prepreg of an amic acid oligomer or an imide oligomer having terminals modified with 4-(2-phenylethy-
nyl)phthalic anhydride is produced by using highly polar organic solvents with high boiling points, such as N-methyl-2-
pyrrolidone (boiling point: about 202°C) and dimethylacetamide (boiling point: 165°C). When these prepregs, especially
30 or more of the prepregs, are stacked to produce a carbon fiber composite material, it is difficult to completely remove
the organic solvent from the prepregs because the solvent has a high boiling point and the intermolecular interaction
between the imido group and the solvent molecule is typically high, and thus such prepregs have disadvantages of being
likely to deteriorate the heat resistance and the mechanical characteristics of a carbon fiber composite material.
[0021] Such animide cured resin molded article as described in Patent Document 4 has no flexible ether linkage which
enables the molecular rotation, in the chemical structure of the cured resin moldings, for achieving the oxidation resistance
at a high temperature, but it is commonly known that the cured resin molded article is likely to be brittle and to have low
toughness. When a rotatable bonding group such as an ether bond is introduced into the molecular structure in order
to improve the toughness of a cured resin molded article, it is commonly known that the heat resistance is likely to be
greatly reduced.

[0022] In such circumstances, the present invention has an object to provide a varnish that is easily prepared by
heating terminally modified imide oligomer having excellent solubility in an organic solvent with a boiling point of 150°C
or less at 1 atmosphere, solution storage stability, and moldability such as low melt viscosity, a solid imide resin com-
position including the terminally modified imide oligomer, and a cured product, a prepreg, an imide prepreg, and a fiber-
reinforced composite material that are produced by using the solid imide resin composition and have high thermal and
mechanical characteristics such as heat resistance, elastic modulus, tensile strength, and elongation.

Solution to Problem

[0023] Theinventors of the presentinvention have intensively studied in order to solve the problems, and consequently
have completed the present invention.

[0024] The present invention provides a varnish including components (A) to (D). The components (A), (B), and (C)
are dissolved in the varnish;

the component (A) is an aromatic tetracarboxylic acid diester represented by General Formula (1) and is contained in
an amount of 1 to 500 parts by weight;

the component (B) is 2-phenyl-4,4’-diaminodiphenyl ether and is contained in an amount of 1 to 450 parts by weight;
the component (C) is a 4-(2-phenylethynyl)phthalic acid monoester represented by General Formula (2) and is contained
in an amount of 1 to 400 parts by weight; and

the component (D) is an organic solvent having a boiling point of 150°C or less at 1 atmosphere or a mixture of two or
more of the organic solvents and is contained in an amount of 100 parts by weight.

[C. 2]
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[0025] (Inthe formula, R, is an aromatic tetracarboxylic acid diester residue; R, and R are the same or different and
are an aliphatic organic group or an aromatic organic group; R, and Rj are located in a cis configuration or a trans
configuration; and the compound is optionally a single isomer or a mixture of two isomers)

[C. 3]
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0

[0026] (Inthe formula, R4 and R are a hydrogen atom, an aliphatic organic group, or an aromatic organic group; and
one of R4 and Ry is an aliphatic organic group or an aromatic organic group)

[0027] The aliphatic organic group represented by R, and Rj in General Formula (1) is an organic group having an
aliphatic chain, and the aromatic organic group is an organic group having an aromatic ring.

[0028] The aromatic tetracarboxylic acid diester residue represented by R; in General Formula (1) is a tetravalent
aromatic organic group formed by removing four carboxyl groups from an aromatic tetracarboxylic acid.

[0029] In General Formula (1), the aromatic tetracarboxylic acid diester residue represented by R, is preferably a
tetravalent residue of a 1,2,4,5-benzenetetracarboxylic acid or a tetravalent residue of a 3,3’,4,4’-biphenyltetracarboxylic
acid.

[0030] In General Formula (1), Ry may be a combination of two or more of a tetravalent aromatic tetracarboxylic acid
diester represented by a tetravalent residue of a 1,2,4,5-benzenetetracarboxylic acid, an aromatic tetracarboxylic acid
diester represented by a tetravalent residue of a 3,3’,4,4’-biphenyltetracarboxylic acid, and an aromatic tetracarboxylic
acid diester represented by a tetravalent residue of a bis(3,4-carboxyphenyl) ether.

[0031] The aliphatic organic group represented by R, or Rg in General Formula (2) is an organic group having an
aliphatic chain, and the aromatic organic group is an organic group having an aromatic ring.

[0032] Inthe varnish, 2-phenyl-4,4’-diaminodiphenyl ether and two or more of divalent aromatic diamines may be used
in combination.

[0033] The presentinvention also provides a solid imide resin composition represented by General Formula (3). The
solid imide resin composition is produced by heating the varnish to remove the organic solvent.

[C. 4]
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[0034] (Inthe formula, Rg and R; is a hydrogen atom or a phenyl group; one of Rg and Ry is a phenyl group; Rg and
Rg are the same or different and are a divalent aromatic diamine residue; Ry and R44 are the same or different and are
a tetravalent aromatic tetracarboxylic acid residue; m and n satisfy relationsof m>1,n>0,1<m+n <10, and 0.05 <
m/(m + n) < 1; and repeating units are optionally arranged in a block sequence or a random sequence.)

[0035] The presentinvention further provides a molded article of a polymerized imide resin composition, in which the
polymerized imide resin composition is obtained by heating the solid imide resin composition in a molten state.

[0036] In the molded article, the imide resin composition has a glass transition temperature (Tg) of 300°C or more,
more preferably 330°C or more, and even more preferably 350°C or more.

[0037] The presentinvention also provides a film obtained from the molded article of the imide resin composition. The
film preferably has a tensile elongation at break of 10% or more, more preferably 15% or more, and even more preferably
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20% or more.

[0038] The present invention further provides a prepreg including the varnish and fibers into which the varnish is
filtrated. The present invention provides both a wet prepreg that contains a solvent and a dry prepreg from which a
solvent is substantially completely removed.

[0039] The present invention also provides an imide prepreg obtained by further heating the prepreg. The present
invention provides both a semidried imide wet prepreg that partially contains a solvent and an imide dry prepreg from
which a solvent is substantially completely removed.

[0040] The presentinvention also provides a fiber-reinforced composite material obtained by stacking the prepregs,
the imide prepregs, or a combination of the prepregs and the imide prepregs and thermally curing the stacked prepregs.
The fiber-reinforced composite material preferably has a Tg of 300°C or more and more preferably 330°C or more.
[0041] The present invention further provides a method of producing the varnish. The method includes heating an
aromatic tetracarboxylic anhydride and 4-(2-phenylethynyl)phthalic anhydride in a state the aromatic tetracarboxylic
anhydride and the 4-(2-phenylethynyl)phthalic anhydride are dissolved in an organic solvent having a boiling point of
150°C or less at 1 atmosphere, to prepare an aromatic tetracarboxylic acid diester represented by General Formula (1);
preparing a solution of an organic solvent having a boiling point of 150°C or less at 1 atmosphere, which contains the
aromatic tetracarboxylic acid diester represented by General Formula (1) and a 4-(2-phenylethynyl)phthalic acid mo-
noester represented by General Formula (2); adding a diamine including 2-phenyl-4,4’-diaminodiphenyl ether to the
solution; and uniformly dissolving, in the solution, the diamine including 2-phenyl-4,4’-diaminodiphenyl ether.

Advantageous Effects of Invention

[0042] The present invention can provide the varnish having excellent solubility and long-term storage stability due to
the effect of 2-phenyl-4,4’-diaminodiphenyl ether.

[0043] The present invention can also provide the solid imide resin composition having excellent melt flowability at
high temperature and molding processability, by heating the varnish to give a particular terminally modified imide oligomer
component.

[0044] The presentinvention can provide the imide resin molded article having both high heat resistance and excellent
breaking elongation, by further heating the solid imide resin composition to polymerize the terminally modified imide
oligomer component.

[0045] The present invention can provide the imide prepreg having excellent preservability and handling properties
and achieving excellent adhesion properties between prepregs, by infiltrating the varnish into fibers.

[0046] The prepreg or the imide prepreg of the present invention can readily yield a high quality fiber-reinforced
composite material having excellent heat resistance and mechanical characteristics and containing no large voids in the
material because the organic solvent having a low boiling point used in the varnish is readily removed from a composite
material prepared by stacking the prepregs or the imide prepregs, in a step of thermoforming the composite material.

Brief Description of the Drawings
[0047]

Fig. 1 is a view showing a TH-NMR measurement result of the raw material composition of the terminally modified
polyimide resin that was powdered by drying a varnish obtained in Example 1 under vacuum at room temperature
and was dissolved in MeOH-d,.

Fig. 2 is a view showing a "TH-NMR measurement result of the powdered raw material composition of the terminally
modified polyimide resin that was obtained in Example 1 and was dissolved in DMSO-dg.

Description of Embodiments
1. Varnish

[0048] A varnish of the present invention is characterized by including the following components (A) to (D), and the
components (A), (B), and (C) are dissolved in the varnish.

The component (A) is an aromatic tetracarboxylic acid diester represented by General Formula (1) and is contained in
an amount of 1 to 500 parts by weight;

the component (B) is 2-phenyl-4,4’-diaminodiphenyl ether and is contained in an amount of 1 to 450 parts by weight;
the component (C) is a 4-(2-phenylethynyl)phthalic acid monoester represented by General Formula (2) and is contained
in an amount of 1 to 400 parts by weight; and

the component (D) is an organic solvent having a boiling point of 150°C or less at 1 atmosphere or a mixture of two or
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more of the organic solvents and is contained in an amount of 100 parts by weight.

[C. 5]

R
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[0049] (Inthe formula, R, is an aromatic tetracarboxylic acid diester residue; R, and R are the same or different and
are an aliphatic organic group or an aromatic organic group; R, and R, are located in a cis configuration or a trans
configuration; and the compound is optionally a single isomer or a mixture of two isomers)

[C. 6]
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[0050] (Inthe formula, R, and Ry are a hydrogen atom, an aliphatic organic group, or an aromatic organic group; and
one of R4 and R is an aliphatic organic group or an aromatic organic group)

(Component (A))

[0051] As a component of the varnish of the present invention, the aromatic tetracarboxylic acid diester represented
by General Formula (1) is used. The aromatic tetracarboxylic acid diester represented by General Formula (1) is a
component that reacts with the components (B) and (C) to form a part of the skeleton of the terminally modified imide
oligomer represented by General Formula (3).

[0052] The aromatic tetracarboxylic acid constituting the aromatic tetracarboxylic acid diester residue represented by
R in General Formula (1) is exemplified by tetravalent residues of 1,2,4,5-benzenetetracarboxylic acids, tetravalent
residues of 3,3’,4,4-biphenyltetracarboxylic acids, and tetravalent residues of bis(3,4-carboxyphenyl) ethers.

[0053] In the aromatic tetracarboxylic acid diesters included in the varnish, specifically, the aromatic tetracarboxylic
acid diester residue represented by R in General Formula (1) is preferably a tetravalent residue of a 1,2,4,5-benzene-
tetracarboxylic acid, a tetravalent residue of a 3,3',4,4’-biphenyltetracarboxylic acid, or a tetravalent residue of a bis(3,4-
carboxyphenyl) ether, and more preferably a tetravalent residue of a 1,2,4,5-benzenetetracarboxylic acid or a tetravalent
residue of a 3,3’,4,4’-biphenyltetracarboxylic acid because a molded article of an imide resin composition can achieve
a high glass transition temperature (Tg), long-term thermal stability, and anti-oxidation stability at high temperature.
[0054] Inthe aromatic tetracarboxylic acid diesters included in the varnish, in addition to the above, preferred examples
of the combination of tetravalent aromatic tetracarboxylic acids include a combination partially containing a tetravalent
residueofa 1,2,4,5-benzenetetracarboxylic acid and containing atetravalent residue of a 3,3’,4,4’-biphenyltetracarboxylic
acid as the remainder; a combination partially containing a tetravalent residue of a 1,2,4,5-benzenetetracarboxylic acid
and containing a tetravalent residue of a bis(3,4-carboxyphenyl) ether as the remainder; and a combination partially
containing a tetravalent residue of a 3,3’,4,4’-biphenyltetracarboxylic acid and containing a tetravalent residue of a
bis(3,4-carboxyphenyl) ether as the remainder.

[0055] The aliphatic organic group or the aromatic organic group represented by R, and R5 in General Formula (1) is
preferably an organic group having 1 to 12 carbon atoms, more preferably an organic group having 1 to 9 carbon atoms,
and even more preferably an organic group having 1 to 6 carbon atoms because an alcohol component that is generated
and eliminated by amic acid formation reaction with a diamine by heat preferably has a low boiling point in order to be
immediately volatilized and removed during production of the imide resin composition or molding of the composite
material.
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[0056] The aromatic tetracarboxylic acid diester represented by General Formula (1) is basically a 1,2,4,5-benzene-
tetracarboxylic acid diester, a 3,3',4,4’-biphenyltetracarboxylic acid diester, a combination of them, a 1,2,4,5-benzene-
tetracarboxylic acid diester that is partially replaced with a diester of bis(3,4-carboxyphenyl) ether, or a 3,3’,4,4’-biphe-
nyltetracarboxylic acid diester that is partially replaced with a diester of bis(3,4-carboxyphenyl) ether. A 1,2,4,5-ben-
zenetetracarboxylic acid diester, a 3,3’,4,4’-biphenyltetracarboxylic acid diester, or a diester of bis(3,4-carboxyphenyl)
ether may be partially replaced with an additional aromatic tetracarboxylic acid as long as the advantageous effects of
the invention are achieved.

[0057] Examples of the additional aromatic tetracarboxylic acid include 3,3’,4,4’-benzophenonetetracarboxylic dian-
hydride (BTDA), 2,3,3,4’-biphenyltetracarboxylic dianhydride (a-BPDA), 2,2’,3,3’-biphenyltetracarboxylic dianhydride
(i-BPDA), 2,2-bis(3,4-dicarboxyphenyl)methane dianhydride, bis(3,4-carboxyphenyl) ether dianhydride, and 1,2,3,4-
benzenetetracarboxylic dianhydride. The additional aromatic tetracarboxylic acids may be used singly or in combination
of two or more of them.

[0058] The aromatic tetracarboxylic acid diester represented by Formula (1) includes 1,2,4,5-benzenetetracarboxylic
acid dimethyl ester, 1,2,4,5-benzenetetracarboxylic acid diethyl ester, 1,2,4,5-benzenetetracarboxylic acid dipropyl ester,
1,2,4,5-benzenetetracarboxylic acid diisopropyl ester, 1,2,4,5-benzenetetracarboxylic acid dibutyl ester, and other iso-
mers of these compounds in terms of two ester groups, but is not necessarily limited to them. Two ester groups are not
necessarily the same.

[0059] Among them, 1,2,4,5-benzenetetracarboxylic acid dimethyl ester and 1,2,4,5-benzenetetracarboxylic acid di-
ethyl ester are preferred because a resin after thermal curing can achieve a high glass transition temperature.

(Component (B))

[0060] As a component of the varnish of the present invention, 2-phenyl-4,4’-diaminodiphenyl ether is used. The use
of the component allows the terminally modified imide oligomer represented by General Formula (3) to have the skeleton
derived from the 2-phenyl-4,4’-diaminodiphenyl ether in the molecule. In the present invention, the 2-phenyl-4,4’-diami-
nodiphenyl ether may be partially replaced with an additional aromatic diamine.

[0061] Examples of the additional aromatic diamine include 1,4-diaminobenzene, 1,3-diaminobenzene, 1,2-diami-
nobenzene, 2,6-diethyl-1,3-diaminobenzene, 4,6-diethyl-2-methyl-1,3-diaminobenzene, 3,5-diethyltoluene-2,6-di-
amine, 4,4’-diaminodiphenyl ether (4,4’-ODA), 3,4’-diaminodiphenyl ether (3,4’-ODA), 3,3'-diaminodiphenyl ether, 3,3'-
diaminobenzophenone, 4,4’-diaminobenzophenone, 3,3’-diaminodiphenylmethane, 4,4’-diaminodiphenylmethane,
bis(2,6-diethyl-4-aminophenyl)methane,  4,4’-methylene-bis(2,6-diethylaniline),  bis(2-ethyl-6-methyl-4-aminophe-
nyl)methane, 4,4’-methylene-bis(2-ethyl-6-methylaniline), 2,2-bis(3-aminophenyl)propane, 2,2-bis(4-aminophenyl)pro-
pane, 1,3-bis(3-aminophenoxy)benzene, 1,4-bis(4-aminophenoxy)benzene, 1,4-bis(3-aminophenoxy)benzene, benzi-
dine, 3,3'-dimethylbenzidine, 2,2-bis(4-aminophenoxy)propane, 2,2-bis(3-aminophenoxy)propane, 2,2-bis[4’-(4"-ami-
nophenoxy)phenyllhexafluoropropane, 9,9-bis(4-aminophenyl)fluorene, and 9,9-bis(4-(4-aminophenoxy)phenyl)flu-
orene. These diamines may be used singly or in combination of two or more of them. The aromatic diamine compound
is particularly preferably 9,9-bis(4-aminophenyl)fluorene, 9,9-bis(4-(4-aminophenoxy)phenyl)fluorene, or 1,3-diami-
nobenzene. For applications requiring higher heat resistance and mechanical strength, the aromatic diamine compounds
are preferably copolymerized, and the copolymer is used in an amount of 0 to 50% by mole, preferably 0 to 25% by
mole, and more preferably 0 to 10% by mole relative to the total amount of diamines. The diamine for copolymerization
is particularly preferably 9,9-bis(4-aminophenyl)fluorene. This allows an imide oligomer obtained by heating to exhibit
excellent moldability and allows a cured product after thermal curing to exhibit high heat resistance and excellent me-
chanical characteristics, achieving excellent effects. Needless to say, a copolymer is not necessarily used in the present
invention depending on an application.

(Component (C))

[0062] As a component of the varnish of the present invention, the 4-(2-phenylethynyl)phthalic acid monoester repre-
sented by General Formula (2) is used. The 4-(2-phenylethynyl)phthalic acid monoester represented by General Formula
(2) is a component that reacts with the components (A) and (B) to form a part of the skeleton of the imide resin composition
represented by General Formula (3) described later.

[0063] The aliphatic organic group or the aromatic organic group represented by R, or Rs in General Formula (2) is
preferably an organic group having 1 to 12 carbon atoms, more preferably an organic group having 1 to 9 carbon atoms,
and even more preferably an organic group having 1 to 6 carbon atoms because an alcohol component that is generated
and eliminated by amic acid formation reaction with a diamine by heat preferably has a low boiling point in order to be
immediately volatilized and removed during production of the imide resin composition or molding of the composite
material.

[0064] Examples of the 4-(2-phenylethynyl)phthalic acid monoester represented by General Formula (2) include, but
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are not necessarily limited to, 4-(2-phenylethynyl)phthalic acid monoethyl ester, 4-(2-phenylethynyl)phthalic acid mon-
omethyl ester, 4-(2-phenylethynyl)phthalic acid monopropyl ester, 4-(2-phenylethynyl)phthalic acid monoisopropyl ester,
and 4-(2-phenylethynyl)phthalic acid monobutyl ester.

(Component (D))

[0065] The organic solvent used for the preparation of the varnish is a solvent having a boiling point of 150°C or less
at 1 atmosphere and is preferably a solvent having a boiling point of 100°C or less in order to be immediately volatilized
and removed during synthesis of the imide oligomer by heat.

[0066] Examples of the organic solvent include methanol (boiling point: about 65°C), ethanol (boiling point: about
78°C), 2-propanol (boiling point: about 82°C), 1-propanol (boiling point: about 97°C), acetone (boiling point: about 56°C),
tetrahydrofuran (boiling point: about 66°C), 1,4-dioxane (boiling point: about 101°C), and methyl ethyl ketone (boiling
point: about 79°C). These organic solvents may be used singly or as a mixture of two or more of them.

(Amount)

[0067] In order to produce a prepreg in which the varnish is sufficiently infiltrated into monofilaments of fibers and to
produce afiber-reinforced composite material exhibiting higher heat resistance, the amount of the aromatic tetracarboxylic
acid diester represented by General Formula (1) included in the varnish is 1 to 500 parts by weight, preferably 20 to 280
parts by weight, and more preferably 40 to 200 parts by weight relative to 100 parts by weight of the organic solvent.
[0068] From the same viewpoint as the above, the amount of the 2-phenyl-4,4’-diaminodiphenyl ether is 1 to 450 parts
by weight, preferably 40 to 400 parts by weight, and more preferably 40 to 280 parts by weight relative to 100 parts by
weight of the organic solvent.

[0069] From the same viewpoint as the above, the amount of the 4-(2-phenylethynyl)phthalic acid monoester repre-
sented by General Formula (2) is 1 to 400 parts by weight, preferably 5 to 100 parts by weight, and more preferably 10
to 80 parts by weight relative to 100 parts by weight of the organic solvent.

(Production method)

[0070] In the varnish, each of the aromatic tetracarboxylic acid diester represented by General Formula (1), the 2-
phenyl-4,4’-diaminodiphenyl ether, and the 4-(2-phenylethynyl)phthalic acid monoester represented by General Formula
(2) is in a dissolved state in the organic solvent. Here, the dissolved state means the condition in which each component
is substantially uniformly dissolved in an organic solvent to such an extent that each component is not visually observed
and the components are present without reacting with each other. The condition in which each component is present
can be observed by the method described in Example 1.

[0071] The varnish of the present invention can be obtained by mixing the aromatic tetracarboxylic acid diester rep-
resented by General Formula (1), the aromatic diamine including 2-phenyl-4,4’-diaminodiphenyl ether, and the 4-(2-
phenylethynyl)phthalic acid monoester represented by General Formula (2) in the organic solvent in such a manner that
the total amount of ester groups is substantially the same as the total amount of primary amino groups while the amount
of each component is adjusted within the above parts by weight.

[0072] In particular, in order to form a sufficient amount of the imide resin composition during a molding step and to
produce a prepreg in which the imide resin composition is in close contact with fibers for the production of a fiber-
reinforced composite material exhibiting excellent mechanical strength, the aromatic tetracarboxylic acid diester repre-
sented by General Formula (1), the aromatic diamine including 2-phenyl-4,4’-diaminodiphenyl ether, and the 4-(2-phe-
nylethynyl)phthalic acid monoester represented by General Formula (2) are preferably uniformly dissolved in the organic
solvent in the varnish in a total solid content concentration of 50% by weight or more at room temperature.

[0073] Examples of the production method will next be described in detail.

[0074] For example, the varnish of the present invention can be produced by using the components in such a manner
that the total molar amount of ester groups of one or two or more of the aromatic tetracarboxylic acid diester compounds
and the 4-(2-phenylethynyl)phthalic acid monoester is substantially the same as the total molar amount of amino groups
of the aromatic diamine including 2-phenyl-4,4’-diaminodiphenyl ether, and stirring the components in the organic solvent
preferably at a temperature of 60°C or less and particularly preferably 40°C or less to uniformly dissolve the components.
[0075] The varnish of the present invention can also be obtained through successive steps including a step of using
an anhydride of an aromatic tetracarboxylic acid as the starting material and carrying out diesterification using an alcohol
as the reaction solution. For example, one or two or more of the aromatic tetracarboxylic anhydrides and 4-(2-phe-
nylethynyl)phthalic anhydride are heated, refluxed, and stirred in an alcohol solvent at a temperature of 100°C or less,
particularly 80°C or less, and the aromatic tetracarboxylic acid diester represented by General Formula (1) is synthesized.
If needed, the solvent is removed, and the aromatic tetracarboxylic acid diester represented by General Formula (1) is
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isolated. The aromatic diamine including 2-phenyl-4,4’-diaminodiphenyl ether is used in such a manner that the total
molar amount of ester groups of all the components is substantially the same as the total molar amount of amino groups,
and the components are stirred in an organic solvent preferably at a temperature of 60°C or less, particularly preferably
40°C or less, to be uniformly dissolved, yielding the varnish.

[0076] The varnish prepared as above may be concentrated by partially volatilizing the organic solvent used or may
be diluted by freshly adding the organic solvent, if the solid content concentration is required to be adjusted. Alternatively,
by completely volatilizing the organic solvent used, a solid material composition of the varnish in which the components
are uniformly mixed may be isolated. The isolated material composition can be dissolved in an organic solvent to give
the varnish once again, as needed. The varnish or the solid material composition undergoes no reaction of forming a
terminally modified amic acid oligomer "having an amide-acid bond" (also called amic acid oligomer) when stored at
room temperature or a temperature equal to or lower than the room temperature, and can be stably stored for a long
period of time.

[0077] A preferred method for producing the varnish of the present invention is exemplified by a method including a
step of synthesizing an aromatic tetracarboxylic acid diester (A) represented by General Formula (1) and a 4-(2-phe-
nylethynyl)phthalic acid monoester (C) represented by General Formula (2) and a step of preparing a varnish by adding
an aromatic diamine (B) including 2-phenyl-4,4’-diaminodiphenyl ether.

[0078] First, in the step of synthesizing an aromatic tetracarboxylic acid diester (A) represented by General Formula
(1) and a 4-(2-phenylethynyl)phthalic acid monoester (C) represented by General Formula (2), the aromatic tetracar-
boxylic anhydride and 4-(2-phenylethynyl)phthalic anhydride are added to an organic solvent having a boiling point of
150°C or less at 1 atmosphere, a solution or a suspension in which the respective added components are uniformly
dissolved is heated at a reaction temperature of about 30 to 100°C and stirred for about 1 to 360 minutes, and then is
cooled to give a solution in which all the aromatic tetracarboxylic acid diester (A) represented by General Formula (1)
and the 4-(2-phenylethynyl)phthalic acid monoester (C) represented by General Formula (2) are uniformly dissolved in
the organic solvent or a solution in a suspension state in which the aromatic tetracarboxylic acid diester (A) represented
by General Formula (1) and the 4-(2-phenylethynyl)phthalic acid monoester (C) represented by General Formula (2)
are partially dissolved in the organic solvent. At the time, the organic solvent can be partially or completely volatilized
to concentrate the solution, if needed.

[0079] In the step of preparing a varnish, the aromatic diamine (B) including 2-phenyl-4,4’-diaminodiphenyl ether is
added to the solution in the organic solvent, and the resulting solution in the organic solvent is stirred at a reaction
temperature of about 5 to 50°C for about 1 to 360 minutes, yielding a solution (varnish) in the organic solvent in which
all the components are uniformly dissolved.

[0080] The varnish of the present invention may have any solution viscosity as long as the advantageous effects of
the invention are achieved, but the solution viscosity is preferably 5,000 poise or more, more preferably 8,000 poise or
more, and even more preferably 10,000 poise or more, at 25°C. The solution viscosity is determined by the method
described in examples.

2. Imide resin composition

[0081] The varnish is heated to react the component (A), the component (B), and the component (C) with each other,
giving a terminally modified amic acid oligomer. Next, the amic acid oligomer is dehydrated and cyclized, yielding an
imide resin composition containing the terminally modified imide oligomer represented by General Formula (3) having
a 4-(2-phenylethynyl)phthalic acid residue at terminals.

[0082] The dehydration and cyclization method of the amic acid oligomer is exemplified by a method of adding an
imidizing agent at atemperature of about 0 to 140°C and a method of heating the oligomer at atemperature of 140t0 275°C.
[0083] In the obtained terminal-modified imide oligomer, it is desirable that the thermally reactive substituent at each
terminal do not cause polymerization reaction. The obtained imide resin composition may be in a varnish form in which
the composition is dissolved in an organic solvent, a semidried paste form, or a completely dried solid form. In particular,
the completely dried solid form can have excellent melt flowability at high temperature and excellent molding process-
ability.

[C. 7]
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[0084] (Inthe formula, Rgand R; are a hydrogen atom or a phenyl group; one of Rg and Ry is a phenyl group; Rg and
Rg are the same or different and are a divalent aromatic diamine residue; Ry and R44 are the same or different and are
a tetravalent aromatic tetracarboxylic acid residue; m and n satisfy relationsof m>1,n>0,1<m+n <10, and 0.05 <
m/(m + n) < 1; and repeating units are optionally arranged in a block sequence or a random sequence.)

[0085] The aromatic diamine residue represented by Rgq and R in General Formula (3) means a divalent aromatic
organic group formed by removing two amino groups from an aromatic diamine. The aromatic tetracarboxylic acid residue
means a tetravalent aromatic organic group formed by removing four carboxyl groups from an aromatic tetracarboxylic
acid. Here, the aromatic organic group is an organic group having an aromatic ring. The aromatic organic group is
preferably an organic group having 4 to 40 carbon atoms, more preferably an organic group having 4 to 30 carbon atoms,
and even more preferably an organic group having 4 to 20 carbon atoms.

[0086] The aromatic tetracarboxylic acid constituting the tetravalent aromatic tetracarboxylic acid residue represented
by R4 and Ry4 in General Formula (3) is preferably a 1,2,4,5-benzenetetracarboxylic acid, a 3,3’,4,4’-biphenyltetracar-
boxylic acid, or a bis(3,4-carboxyphenyl) ether, and specifically preferably 1,2,4,5-benzenetetracarboxylic dianhydride
and 3,3',4,4’-biphenyltetracarboxylic dianhydride.

[0087] In the terminally modified imide oligomer in the imide resin composition of the present invention, it is preferable
that some of m pieces of Ry and n pieces of R4, in General Formula (3) be a tetravalent residue of a 1,2,4,5-benzene-
tetracarboxylic acid, and the remainder of them be a tetravalent residue of a 3,3’,4,4’-biphenyltetracarboxylic acid.
[0088] In General Formula (3), if m + nis less than 1, a cured resin may have extremely lower toughness, whereas if
m + n is more than 10, a composition may not exhibit excellent melt flowability at high temperature conditions. In General
Formula (3) and General Formulae (5) and (6), m/(m + n) is preferably 0.1 or more and 1 or less.

[0089] In General Formula (3) in the imide resin composition of the presentinvention, it is preferable that the tetravalent
aromatic tetracarboxylic acid residue represented by R,; and R4 be a tetravalent residue of a 1,2,4,5-benzenetetracar-
boxylic acid, and the terminally modified imide oligomer be the compound represented by General Formula (5).

[C. 8]
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[0090] (Inthe formula (5), Rg and R; are a hydrogen atom or a phenyl group; one of Rg and R is a phenyl group; Rg
and Ry are the same or different and are a divalent aromatic diamine residue; m and n satisfy relations of m> 1, n > 0,
1<m+n<10,and 0.05 < m/(m + n) < 1; and repeating units are optionally arranged in a block sequence or a random
sequence.)

[0091] In General Formula (3) in the imide resin composition of the presentinvention, it is preferable that the tetravalent
aromatic tetracarboxylic acid residue represented by R,y and R4, be a tetravalent residue of a 3,3',4,4’-biphenyltetracar-
boxylic acid, and the terminally modified imide oligomer be the compound represented by General Formula (6).
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[0092] (In the formula (6), Rg and Ry are a hydrogen atom or a phenyl group; one of Rg and R is a phenyl group; Rg
and Rq are the same or different and are a divalent aromatic diamine residue; m and n satisfy relations of m>1, n > 0,
1<m+n<10,and 0.05 < m/(m + n) < 1; and repeating units are optionally arranged in a block sequence or a random
sequence.)

[0093] To produce the terminally modified imide oligomer, the varnish is stirred and reacted at a reaction temperature
of 30 to 150°C for about 1 to 180 minutes to give the terminally modified amic acid oligomer. The reaction solution is
then further stirred at 140 to 275°C for 5 minutes to 24 hours to give the terminally modified imide oligomer and to remove
the organic solvent in the reaction solution. If necessary, the reaction solution is cooled to around room temperature,
and the terminally modified imide oligomer is crystallized. The crystal is subjected to solid-liquid separation by filtration,
for example, giving a solid imide resin composition.

[0094] The solid imide resin composition preferably has a minimum melt viscosity of 10,000 Pa-sec or less, more
preferably 5,000 or less, and even more preferably 3,000 or less in order that when the organic solvent in prepregs is
removed out of the system under high temperature conditions in a step of molding a fiber-reinforced composite material,
the remaining imide oligomer is melted and infiltrated into fibers. The minimum melt viscosity is determined by the method
described later.

[0095] The terminally modified imide oligomer included in the imide resin composition of the present invention has
substantially no possibility of undergoing hydrolysis, thus causes no viscosity reduction or other deteriorations as com-
pared with amic acid oligomers, and can be stably stored for a long period of time without additives.

[0096] The terminally modified imide oligomer may be mixed with other oligomers having different molecular weights
or with thermoplastic polyimides.

[0097] The thermoplastic polyimide is a polyimide that becomes soft by heat, and specifically may be any commercial
product without any limitation in terms of type and the like.

(Molded article)

[0098] The solid imide resin composition can be further heated in a molten state to give a molded article of an imide
resin composition, having a higher molecular weight.

[0099] For example, the molded article can be produced by melting the solid imide resin composition at a temperature
of 200 to 280°C and thermally curing the molten composition at 280 to 500°C for about 10 minutes to 40 hours. The
molded article can also be produced by a single step of heating a varnish applied onto a support at 280 to 500°C for
about 10 minutes to 40 hours.

[0100] The molded article preferably has a Tg of 300°C or more, more preferably 330°C or more, and even more
preferably 350°C or more, for example, when used as high temperature members around the engines of aircraft.
[0101] Polymerization of the imide resin composition can be observed by the method described in examples. The
degree of high molecular weight is not limited specifically.

[0102] The molded article can be molded into a desired shape by a known method. The shape is exemplified by a film
shape, a sheet shape, shapes molded into three dimensional shapes such as a rectangular solid shape and a rod-like
shape, but is not limited to particular shapes. For example, a molded article molded into a film preferably has a tensile
elongation at break of 10% or more, more preferably 15% or more, and even more preferably 20% or more in order to
absorb the energy of external impact to reduce damage when the molded article is used as a cured resin molded article
or a fiber-reinforced composite material.

[0103] The Tg and the tensile elongation at break are determined by the methods described in examples.

[0104] The molded article of the imide resin composition is preferably colored transparent from the viewpoint of the
uniformity of curing reaction and reaction completion.
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(Prepreg)

[0105] The prepreg of the present invention is produced by infiltrating the varnish into fibers.

[0106] The prepreg of the present invention can be obtained as follows, for example.

[0107] For example, the material compositions (A), (B), and (C) are uniformly dissolved at a high concentration of a
total amount of 50% by weight or more to give a varnish. If necessary, the varnish is appropriately concentrated or
diluted, and then is infiltrated into fibers arranged in one direction in a planer shape or a fiber fabric, yielding a wet
prepreg. The wet prepreg may be dried by a known method, giving a dry prepreg. The prepreg of the present invention
includes the wet prepreg and the dry prepreg.

[0108] In order that a fiber-reinforced composite material produced by using the prepreg exhibits excellent mechanical
strength due to the balance between a cured resin and fibers in the fiber-reinforced composite material, the amount of
the terminally modified imide oligomer represented by General Formula (3) attached to the fibers is preferably 10 to 60%
by weight, more preferably 20 to 50% by weight, and even more preferably 30 to 50% by weight, relative to the total
weight of the prepreg.

[0109] In order to easily handle the prepregs at the time of stacking and to prevent the resin from flowing out in a step
of molding a composite material at a high temperature to produce afiber-reinforced composite material exhibiting excellent
mechanical strength, the amount of the organic solvent attached to fibers is preferably 1to 30% by weight, more preferably
5 to 25% by weight, and even more preferably 5 to 20% by weight relative to the total weight of the prepreg.

[0110] Examples of the fibers used in the present invention include inorganic fibers such as carbon fibers, glass fibers,
metal fibers, and ceramic fibers; and synthetic organic fibers such as polyamide fibers, polyester fibers, polyolefin fibers,
and novoloid fibers. These fibers may be used as a single type or a combination of two or more types. In particular, in
order to achieve excellent mechanical characteristics, carbon fibers are desirable. If having a carbon content ranging
from 85 to 100% by weight and having a continuous fiber form that at least partially has a graphite structure, any type
of carbon fibers can be used without any limitation, and examples of the carbon fibers include polyacrylonitrile
(PAN)-based carbon fibers, rayon-based carbon fibers, lignin-based carbon fibers, and pitch-based carbon fibers. Among
them, carbon fibers such as PAN-based carbon fibers and pitch-based carbon fibers are preferred because they are
generally used and inexpensive and have high strength. Typically, the carbon fibers have been subjected to sizing
treatment. Such fibers may be used without any treatment or may be washed with an organic solvent or the like to
remove the sizing agent, as necessary. It is preferable that fiber bundles be opened with air, rollers, or other means in
advance and the resin or a resin solution be infiltrated between single yarns of the carbon fibers.

(Imide prepreg)

[0111] The imide prepreg of the present invention is produced by further heating the prepreg.

[0112] The imide prepreg of the present invention can be obtained as follows, for example.

[0113] A solution of the wet prepreg or the dry prepreg in an organic solvent is heated at 140 to 275°C for 5 minutes
to 24 hours to partially or completely remove the organic solvent, yielding an imide wet prepreg or an imide dry prepreg
in which the terminally modified imide oligomer is attached to the fibers.

[0114] The amount of the terminally modified imide oligomer attached to the fibers in the imide wet prepreg is preferably
5 to 50% by weight, more preferably 20 to 50% by weight, and even more preferably 30 to 50% by weight relative to the
total weight of the prepreg. The amount of the organic solvent attached to the fibers is preferably 1 to 30% by weight,
more preferably 5to 25% by weight, and even more preferably 5 to 20% by weight relative to the total weight of the prepreg.
[0115] The amount of the terminally modified imide oligomer attached to the fibers in the imide dry prepreg is preferably
20 to 80% by weight, more preferably 20 to 60% by weight, and even more preferably 30 to 50% by weight relative to
the total weight of the prepreg.

[0116] The fibers used in the imide prepreg of the present invention may be the same as the fibers used in the above
described prepreg. The fiber material constituting the imide prepreg has a structure of a continuous fiber form such as
UD (unidirectional) forms, weave forms (plain weave, satin weave, for example), and knit forms, and is not limited to
particular forms. The form can be appropriately selected depending on the purpose. The forms may be used singly or
in combination of two or more of them.

(Fiber-reinforced composite material)

[0117] The fiber-reinforced composite material of the present invention can be obtained as follows, for example.

[0118] A predetermined number of the prepregs are stacked and thermally cured with an autoclave, a hot press, or a
similar apparatus at a temperature of 80 to 500°C at a pressure of 1 to 1,000 kg/cm? for about 10 minutes to 40 hours,
giving a fiber-reinforced composite material. In the present invention, in addition to the use of the prepreg, the imide wet
prepregs or the imide dry prepregs may be stacked and thermally cured in the same manner as the above, giving a
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fiber-reinforced composite material.

[0119] The fiber-reinforced composite material of the present invention obtained as above preferably has a glass
transition temperature (Tg) of 300°C or more. The measurement is in accordance with the method described later.
[0120] The film-like molded article of the imide resin composition or the imide prepreg may be inserted between a
fiber-reinforced composite material and a different material, and the whole may be heated and melted to be integrated,
giving a fiber-reinforced composite material structure. Here, the different material is not limited to particular materials
and may be any material commonly used in the field. Examples of the material include honeycomb metal materials and
sponge-like core materials.

Examples

[0121] Some examples will next be described in order to explain the present invention, but are not intended to limit
the present invention. The characteristics were determined in the following conditions.

<Test methods>
(1) Measurement of proton nuclear magnetic resonance spectroscopy ('H-NMR)

[0122] A nuclear magnetic resonance spectrometer (model: AV-400M, manufactured by Bruker Corporation) was used
for measurement at 30°C. As the deuterated solvent for measurement, deuterated dimethyl sulfoxide (DMSO-dg) or
deuterated methanol (MeOH-d,) was used. As the standard for chemical shift values, the proton signal of the methyl
group of trimethylsilane contained in the deuterated solvent was regarded as 0 ppm.

(2) Measurement of glass transition temperature (Tg)

[0123] A differential scanning calorimeter (DSC, model: DSC-2010, manufactured by TA Instruments) was used for
measurement under a nitrogen stream at a temperature increase rate of 5°C/min. For film-like products, a dynamic
viscoelasticity analyzer (DMA, model: RSA-11, manufactured by Rheometric) was used for measurement at a temper-
ature increase rate of 10°C/min at a frequency of 1 Hz. The intersection of two tangent lines before and after the drop
of a storage elastic modulus curve was regarded as the glass transition temperature. For fiber-reinforced composite
materials, a dynamic viscoelasticity analyzer (DMA, model: DMA-Q-800, manufactured by TA Instruments) was used
for measurementin a cantilever manner at a strain of 0.1% at a frequency of 1 Hz under a nitrogen stream at a temperature
increase rate of 3°C/min. The intersection of two tangent lines before and after the drop of a storage elastic modulus
curve was regarded as the glass transition temperature.

(3) Measurement of minimum melt viscosity

[0124] A rheometer (model: AR2000, manufactured by TA Instruments) was used for measurement with a 25-mm
parallel plate at a temperature increase rate of 4°C/min.

(4) Measurement of 5% weight loss temperature

[0125] A thermogravimetric analyzer (TGA, model: SDT-2960, manufactured by TA Instruments) was used for meas-
urement under a nitrogen stream at a temperature increase rate of 5°C/min.

(5) Elastic modulus measurement, breaking strength measurement, breaking elongation measurement

[0126] A tensilon versatile testing machine (trade name: TENSILON/UTM-II-20, manufactured by ORIENTEC Co.,
Ltd.) was used for measurement at room temperature at a tensile speed of 3 mm/min. The test pieces had a film-like
shape having a length of 20 mm, a width of 3 mm, and a thickness of 80 to 120 pum.

(6) Measurement of infrared absorption spectrum

[0127] A FT/IR-230S spectrometer manufactured by JASCO Corporation was used for infrared absorption spectrum
measurement at room temperature in a measurement range of 400 cm-!to 4,000 cm-! at an accumulation number of 32.
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(7) Measurement of solution viscosity
[0128] AnE-type viscometer, model R550 manufactured by Toki Sangyo Co., Ltd., was used for measurementat 23°C.
(8) Ultrasonic defect test

[0129] An ultrasonic defect tester, model SDS7800R manufactured by KRAUTKRAMER, was used for measurement
with a 5- to 15-MHz testing probe in water.

(9) Optical microscope observation

[0130] A measuring microscope, STM-MJS manufactured by Olympus Corporation, was used for measurement at a
magnification of 50 to 1,000.

(10) Measurement of interlaminar shear strength

[0131] Measurement was carried out in accordance with ASTM-D2344.
<(A) Production of aromatic tetracarboxylic acid diester compound>
(Production Example 1)

[0132] Into a 2,000-mL four-necked flask equipped with a thermometer, a stirrer, a nitrogen inlet tube, and a reflux
condenser, 500 g (2.29 mol) of 1,2,4,5-benzenetetracarboxylic dianhydride was placed, and 1,200.13 g (37.5 mol) of
methanol was added. Under a nitrogen stream, the resulting suspension was stirred while heated and refluxed at 80°C.
After the start of stirring, 1,2,4,5-benzenetetracarboxylic dianhydride was observed to be gradually dissolved in the
solvent, and at about 60 minutes after the start of stirring, the compound was completely dissolved. When the solution
was further continuously stirred, some insoluble precipitate was observed in the solvent. At 120 minutes after the start
of stirring, the heating was stopped, and the mixture was cooled to room temperature, giving a suspension solution.
Methanol was then volatilized at room temperature under a vacuum condition, giving a product as white powder. The
TH-NMR measurement (in a DMSO-dg solvent) of the obtained product revealed that the product was an isomer mixture
containing about 40% of 1,2,4,5-benzenetetracarboxylic acid dimethyl ester in which two ester groups were located in
a cis configuration and about 60% of 1,2,4,5-benzenetetracarboxylic acid dimethyl ester in which two ester groups were
located in a trans configuration. The obtained aromatic tetracarboxylic acid diester compound was represented by
General Formula (1) in which R, was a methyl group and R was a methyl group.

(Production Example 2)

[0133] In the same manner as the above, into a 2,000-mL four-necked flask equipped with a thermometer, a stirrer,
anitrogen inlet tube, and a reflux condenser, 500 g (2.29 mol) of 1,2,4,5-benzenetetracarboxylic dianhydride was placed,
and 1,200.10 g (26.05 mol) of ethanol was added. Under a nitrogen stream, stirring of the resulting suspension was
started while the suspension was heated and refluxed at 105°C. After the start of stirring, 1,2,4,5-benzenetetracarboxylic
dianhydride was observed to be gradually dissolved in the solvent, and at about 60 minutes after the start of stirring, the
compound was completely dissolved. When the solution was further continuously stirred, some insoluble precipitate
was observed in the solvent. At 120 minutes after the start of stirring, the heating was stopped, and the mixture was
cooled to room temperature, giving a suspension solution. Then, ethanol was volatilized at room temperature under a
vacuum condition, giving a product as white powder. The 'H-NMR measurement (in a DMSO-dg solvent) of the obtained
product revealed that the product was an isomer mixture containing about 34% of 1,2,4,5-benzenetetracarboxylic acid
diethyl esterin which two ester groups were located in a cis configuration and about 66% of 1,2,4,5-benzenetetracarboxylic
acid diethyl ester in which two ester groups were located in a trans configuration. The obtained aromatic tetracarboxylic
acid diester compound was represented by General Formula (1) in which R, was an ethyl group and R; was an ethyl group.

(Production Example 3)
[0134] In the same manner as the above, into a 2,000-mL four-necked flask equipped with a thermometer, a stirrer,
a nitrogen inlet tube, and a reflux condenser, 500 g (2.29 mol) of 1,2,4,5-tetracarboxylic dianhydride was placed, and

1,202.00 g (20.00 mol) of 2-propanol was added. Under a nitrogen stream, stirring of the resulting suspension was
started while the suspension was heated and refluxed at 105°C. After the start of stirring, 1,2,4,5-tetracarboxylic dian-

16



10

15

20

25

30

35

40

45

50

55

EP 3 144 338 A1

hydride was observed to be gradually dissolved in the solvent, and at about 180 minutes after the start of stirring, the
compound was completely dissolved. When the solution was further continuously stirred, some insoluble precipitate
was observed in the solvent. At 120 minutes after the start of stirring, the heating was stopped, and the mixture was
cooled to room temperature, giving a suspension solution. Then, 2-propanol was volatilized at room temperature under
avacuum condition, giving a product as white powder. The 'H-NMR measurement (in a DMSO-d solvent) of the obtained
product revealed that the product was an isomer mixture containing about 50% of 1,2,4,5-tetracarboxylic acid diisopropyl
esterinwhich two ester groups were located in a cis configuration and about 50% of 1,2,4,5-tetracarboxylic acid diisopropyl
ester in which two ester groups were located in a trans configuration.

<(C) Production of 4-(2-phenylethynyl)phthalic acid monoester compound>
(Production Example 4)

[0135] In the same manner as the above, into a 2,000-mL four-necked flask equipped with a thermometer, a stirrer,
a nitrogen inlet tube, and a reflux condenser, 600 g (2.41 mol) of 4-(2-phenylethynyl)phthalic anhydride was placed, and
1,200.25 g (26.05 mol) of ethanol was added. Under a nitrogen stream, stirring of the resulting suspension was started
while the suspension was heated and refluxed at 105°C. After the start of stirring, 4-(2-phenylethynyl)phthalic anhydride
was observed to be gradually dissolved in the solvent, and at about 10 minutes after the start of stirring, the compound
was completely dissolved. The solution was further continuously stirred, then at 120 minutes after the start of stirring,
the heating was stopped, and the mixture was cooled to room temperature. Ethanol was then volatilized at room tem-
perature under a vacuum condition, giving 4-(2-phenylethynyl)phthalic acid monoethyl ester as white powder. The DSC
measurement result of the obtained product revealed that the melting point was 130°C.

[0136] The obtained 4-(2-phenylethynyl)phthalic acid monoethyl ester was represented by General Formula (2) in
which R, and Rg were a hydrogen atom or an ethyl group, and one of R, and Rg was an ethyl group.

(Example 1)

[0137] Into a 100-mL sample bottle, 4.446 g (16.1 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether (B) and 6.8 g (212.2
mmol) of methanol were placed and completely dissolved, and then 4.000 g (12.9 mmol) of 1,2,4,5-benzenetetracar-
boxylic acid diethyl ester (A) produced in Production Example 2 and 1.913 g (6.5 mmol) of 4-(2-phenylethynyl)phthalic
acid monoethyl ester (C) produced in Production Example 4 were added. The container was purged with nitrogen and
sealed, and stirring of the resulting suspension was started at room temperature. After the start of stirring, the start of
gradual dissolution of the ester compounds in the solvent was observed, and the compounds were completely uniformly
dissolved at 60 minutes after the start of stirring. The solution was further continuously stirred, and at 24 hours after the
start of stirring, the stirring was stopped, giving a varnish in which a terminally modified polyimide resin material com-
position was uniformly dissolved in methanol.

[0138] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 200°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while methanol was removed, yielding a terminally modified imide
oligomer. The obtained terminally modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Ry and R; was a phenyl group, Rg and Rq were a 2-phenyl-4,4’-
diaminodiphenyl ether residue, and m =4 and n = 0 on average.

[0139] The powdery terminal-modified imide oligomer before curing had a Tg of 210°C from DSC measurement result
and had a minimum melt viscosity of 62 (340°C). Some of the powdery terminal-modified imide oligomer was inserted
between two polyimide films (trade name: UPILEX-75S; thickness: 75 wm; size: 15 cm per side; manufactured by Ube
Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then cooled, and
released, giving a transparent red-brown film-like cured product (a thickness of 96 um). IR spectrum measurement of
some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-! assigned
to the stretching vibration of the triple bond in the phenylethynyl moiety as the terminal group of the terminally modified
imide oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified imide oligomer
component in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized. The film-
like cured product had a Tg of 337°C by DSC measurement, a Tg of 336°C by DMA measurement, and a 5% weight
loss temperature of 538°C by TGA. As for the mechanical characteristics by tensile test, the film-like cured product had
an elastic modulus of 3.1 GPa, a breaking strength of 143 MPa, and a breaking elongation of 31%.

[0140] The varnish obtained above was dried under vacuum at room temperature, giving a powdered terminal-modified
polyimide resin material composition. The powder was smoothly dissolved in MeOH-d, and was subjected to 'H-NMR
measurement. As shown in Fig. 1, the signals were observed at positions different from those of the proton signals
corresponding to 1,2,4,5-benzenetetracarboxylic acid dimethyl ester, 2-phenyl-4,4’-diaminodiphenyl ether, and 4-(2-
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phenylethynyl)phthalic acid monomethyl ester used in the example. The powder was dissolved in DMSO-dg and was
subjected to TH-NMR measurement. As shown in Fig. 2, the signals were observed at exactly the same positions as
those of the proton signals corresponding to 1,2,4,5-benzenetetracarboxylic acid dimethyl ester, 2-phenyl-4,4’-diamin-
odiphenyl ether, and 4-(2-phenylethynyl)phthalic acid monomethyl ester used in the example, and no NH proton signal
of the amido group was observed in a signal range from 1 to 14 8/ppm. These results revealed that all the components
included in the terminally modified polyimide resin material composition formed ion complexes (salts) in the varnish in
the methanol solution prepared in the example.

(Comparative Example 1)

[0141] Into a 100-mL three-necked flask equipped with a thermometer, a stirrer, and a nitrogen inlet tube, 2.7613 g
(10 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether and 10 mL of N-methyl-2-pyrrolidone were added and dissolved. Next,
1.7450 g (8 mmol) of 1,2,4,5-benzenetetracarboxylic dianhydride and 0.8 mL of N-methyl-2-pyrrolidone (boiling point:
about 204°C) were added. Under a nitrogen stream, the mixture was polymerized at room temperature for 2.5 hours,
then at 60°C for 1.5 hours, and at room temperature for 1 hour, giving an amic acid oligomer. To the reaction solution,
0.9929 g (4 mmol) of 4-(2-phenylethynyl)phthalic anhydride was added. Under a nitrogen stream, the mixture was reacted
at room temperature for 12 hours to undergo terminal modification, and subsequently was stirred at 195°C for 5 hours
to undergo imide bond formation.

[0142] Atfter cooling, the reaction solution was poured into 900 mL of ion-exchanged water, and precipitated powder
was collected by filtration. The powder was washed with 80 mL of methanol for 30 minutes, and the powder obtained
by filtration was dried under reduced pressure at 130°C for a day, giving a product. The obtained terminal-modified imide
oligomer was represented by General Formula (5) in which Rg and R; were a hydrogen atom or a phenyl group, one of
Rg and R, was a phenyl group, Rg and Rq were a 2-phenyl-4,4’-diaminodiphenyl ether residue, and m =4 and n = 0 on
average.

[0143] The powdery terminal-modified imide oligomer before curing had a Tg of 213°C from DSC measurement result
and had a minimum melt viscosity of 150 Pa-sec (343°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 100 wm). IR spectrum
measurement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210
cm! assigned to the stretching vibration of the triple bond in the phenylethynyl moiety as the terminal group of the
terminally modified imide oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified
imide oligomer component in the film-like imide resin composition to undergo thermal addition reaction and to be po-
lymerized. The obtained film-like cured product had a Tg of 346°C by DSC measurement, a Tg of 343°C by DMA
measurement, and a 5% weight loss temperature of 538°C by TGA. As for the mechanical characteristics by tensile
test, the film-like cured product had an elastic modulus of 3.2 GPa, a breaking strength of 132 MPa, and a breaking
elongation of 16%.

(Comparative Example 2)

[0144] Into a 100-mL four-necked flask equipped with a thermometer, a stirrer, a nitrogen inlet tube, and a reflux
condenser, 4.905 g (17.8 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether and 10 mL of N-methyl-2-pyrrolidone were added
and dissolved. Next, 4.007 g (14.2 mmol) of 1,2,4,5-benzenetetracarboxylic acid dimethyl ester produced in Production
Example 1, 1.990 g (7.1 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester produced in Production Example 4,
and 0.8 mL of N-methyl-2-pyrrolidone were added. Under a nitrogen stream, the mixture was stirred at 60°C for 3 hours
to undergo amic acid bond formation reaction. The mixture was then reacted under a nitrogen stream at 200°C for 5
hours to undergo imide bond formation reaction.

[0145] Atfter cooling, the reaction solution was poured into 900 mL of ion-exchanged water, and precipitated powder
was collected by filtration. The powder was washed with 80 mL of methanol for 30 minutes, and the powder obtained
by filtration was dried under reduced pressure at 240°C for 5 hours, giving a product. The obtained terminal-modified
imide oligomer was represented by General Formula (5) in which Rg and R; were a hydrogen atom or a phenyl group,
one of Rg and R; was a phenyl group, Rg and Rq were a 2-phenyl-4,4’-diaminodiphenyl ether residue, and m =4 and n
= 0 on average.

[0146] The powdery terminal-modified imide oligomer before curing had a Tg of 217°C from DSC measurement result
and had a minimum melt viscosity of 216 (340°C). Some of the powdery terminal-modified imide oligomer was inserted
between two polyimide films (trade name: UPILEX-75S; thickness: 75 wm; size: 15 cm per side; manufactured by Ube
Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then cooled, and
released, giving a transparent red-brown film-like cured product (a thickness of 86 um). IR spectrum measurement of
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some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-! assigned
to the stretching vibration of the triple bond in the phenylethynyl moiety as the terminal group of the terminally modified
imide oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified imide oligomer
component in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized. The film-
like cured product had a Tg of 336°C by DSC measurement, a Tg of 346°C by DMA measurement, and a 5% weight
loss temperature of 538°C by TGA. As for the mechanical characteristics by tensile test, the film-like cured product had
an elastic modulus of 2.8 GPa, a breaking strength of 128 MPa, and a breaking elongation of 18%.

(Example 2)

[0147] Into a 100-mL sample bottle, 4.008 g (14.5 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether (B), 0.562 g (1.62
mmol) of 9,9-bis(4-(4-aminophenoxy)phenyl)fluorene, and 7.0 g (218.4 mmol) of methanol were placed and completely
dissolved, and then 4.000 g (12.9 mmol) of 1,2,4,5-benzenetetracarboxylic acid diethyl ester (A) produced in Production
Example 2 and 1.913 g (6.5 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester (C) produced in Production
Example 4 were added. The container was purged with nitrogen and sealed, and stirring of the resulting suspension
was started at room temperature. After the start of stirring, the start of gradual dissolution of the ester compounds in the
solvent was observed, and the compounds were completely uniformly dissolved at 60 minutes after the start of stirring.
The solution was further continuously stirred, and at 24 hours after the start of stirring, the stirring was stopped, giving
a varnish in which the raw material composition of the terminally modified polyimide resin was uniformly dissolved in
methanol.

[0148] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 200°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while methanol was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg was a 2-phenyl-4,4’-diaminodiphenyl
ether residue or a 9,9-bis(4-aminophenyl)fluorene residue, Rg was a 9,9-bis(4-aminophenyl)fluorene residue, and m =
3.6 and n = 0.4 on average.

[0149] The powdery terminal-modified imide oligomer before curing had a Tg of 221°C from DSC measurement result
and had a minimum melt viscosity of 94 Pa-sec (345°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 80 uwm). IR spectrum meas-
urement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-*
assigned to the stretching vibration of the triple bond in the phenylethynyl moiety as the terminal group of the terminally
modified imide oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified imide
oligomer component in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized.
The film-like cured product had a Tg of 355°C from DSC measurement result, a Tg of 357°C from DMA measurement
result, and a 5% weight loss temperature of 537°C by TGA. As for the mechanical characteristics by tensile test, the
film-like cured product had an elastic modulus of 3.2 GPa, a breaking strength of 137 MPa, and a breaking elongation
of 20%.

[0150] The varnish obtained above was dried under vacuum at room temperature, giving a powdered raw material
composition of the terminally modified polyimide resin. The powder was smoothly dissolved in MeOH-d, and was sub-
jected to TH-NMR measurement in the same manner as in Example 1. The result revealed that all the components
included in the raw material composition of the terminally modified polyimide resin formed ion complexes (salts) in the
varnish in the methanol solution prepared in the example.

(Example 3)

[0151] Into a 100-mL sample bottle, 3.664 g (13.2 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether (B), 0.514 g (1.48
mmol) of 9,9-bis(4-(4-aminophenoxy)phenyl)fluorene, and 6.0 g (185.2 mmol) of methanol were placed and completely
dissolved, and then 4.000 g (12.9 mmol) of 1,2,4,5-benzenetetracarboxylic acid diethyl ester (A) produced in Production
Example 2 and 1.060 g (3.6 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester (C) produced in Production
Example 4 were added. The container was purged with nitrogen and sealed, and stirring of the resulting suspension
was started at room temperature. After the start of stirring, the start of gradual dissolution of the ester compounds in the
solvent was observed, and the compounds were completely uniformly dissolved at 60 minutes after the start of stirring.
The solution was further continuously stirred, and at 24 hours after the start of stirring, the stirring was stopped, giving
a varnish in which the raw material composition of the terminally modified polyimide resin was uniformly dissolved in
methanol.
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[0152] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 200°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while methanol was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and Ry
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg was a 2-phenyl-4,4’-diaminodiphenyl
ether residue or a 9,9-bis(4-aminophenyl)fluorene residue, Ry was a 9,9-bis(4-aminophenyl)fluorene residue, and m =
6.3 and n = 0.7 on average.

[0153] The powdery terminal-modified imide oligomer before curing had a Tg of 247°C from DSC measurement result
and had a minimum melt viscosity of 2,036 Pa-sec (366°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 90 um). IR spectrum meas-
urement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-"
assigned to the stretching vibration of the triple bond in the phenylethynyl moiety as the terminal group of the terminally
modified imide oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified imide
oligomer component in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized.
The film-like cured product had a Tg of 357°C from DSC measurement result, a Tg of 355°C from DMA measurement
result, and a 5% weight loss temperature of 543°C by TGA. As for the mechanical characteristics by tensile test, the
film-like cured product had an elastic modulus of 3.1 GPa, a breaking strength of 142 MPa, and a breaking elongation
of 24%.

[0154] The varnish obtained above was dried under vacuum at room temperature, giving a powdered raw material
composition of the terminally modified polyimide resin. The powder was smoothly dissolved in MeOH-d, and was sub-
jected to TH-NMR measurement in the same manner as in Example 1. The result revealed that all the components
included in the raw material composition of the terminally modified polyimide resin formed ion complexes (salts) in the
varnish in the methanol solution prepared in the example.

(Example 4)

[0155] Into a 100-mL sample bottle, 4.541 g (14.00 mmol) of 1,2,4,5-benzenetetracarboxylic acid diisopropyl ester
produced in Production Example 3, 1.177 g (4.00 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester produced
in Production Example 4, and 3.4 g (73.8 mmol) of ethanol were placed. The container was purged with nitrogen and
sealed, and the resulting suspension was continuously stirred at about 70°C. At 60 minutes after the start of stirring,
4.421 g (16.0 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether was added, and the stirring was continued. After about 30
minutes, the stirring was stopped, giving a varnish in which the raw material composition of the terminally modified
polyimide resin was uniformly dissolved in ethanol.

[0156] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 250°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while ethanol was removed, yielding a terminal-modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg and Rg were a 2-phenyl-4,4’-
diaminodiphenyl ether residue, and m =7 and n = 0 on average.

[0157] The powdery terminal-modified imide oligomer before curing had a Tg of 245°C from DSC measurement result
and had a minimum melt viscosity of 400 Pa-s (340°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 96 um). IR spectrum meas-
urement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-"
assigned to the stretching vibration of the triple bond in PEPA as the terminal group of the terminally modified imide
oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified imide oligomer component
in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized. The film-like cured
producthada Tg of 334°C by DSC measurement, a Tg of 335°C by DMA measurement, and a 5% weightloss temperature
of 538°C by TGA. As for the mechanical characteristics by tensile test, the film-like cured product had an elastic modulus
of 3.1 GPa, a breaking strength of 141 MPa, and a breaking elongation of 35%.

(Example 5)

[0158] In the same manner as the above, into a 2,000-mL four-necked flask equipped with a thermometer, a stirrer,
a nitrogen inlet tube, and a reflux condenser, 366.44 g (1.68 mol) of 1,2,4,5-tetracarboxylic dianhydride was placed, and
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89 g (1.93 mol) of ethanol and 89 g (1.48 mol) of 2-propanol were added. Under a nitrogen stream, stirring of the resulting
suspension was started while the suspension was heated and refluxed at 105°C. After the start of stirring, 1,2,4,5-
tetracarboxylic dianhydride was observed to be gradually dissolved in the solvent, and at about 180 minutes after the
start of stirring, all the compounds were uniformly dissolved.

[0159] Then, 5 ml of the solution was sampled, the ethanol and the 2-propanol were volatilized at room temperature
under a vacuum condition, giving a product as white powder. The TH-NMR measurement (in a DMSO-dg solvent) of the
obtained product revealed that the product was a mixture containing about 76.5% of 1,2,4,5-tetracarboxylic acid diethyl
ester, about 1.6% of 1,2,4,5-tetracarboxylic acid diisopropyl ester, and about 21.9% of 1,2,4,5-tetracarboxylic acid mo-
noethyl ester monoisopropyl ester.

[0160] To the solution obtained above, 119.16 g (0.48 mol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester pro-
duced in Production Example 4 was added. The mixture was purged with nitrogen, then sealed, and continuously stirred
at about 70°C. At 30 minutes after the start of stirring, a solution in which the 4-(2-phenylethynyl)phthalic acid monoethyl
ester was uniformly dissolved was obtained. To the solution, 530.57 g (1.92 mol) of 2-phenyl-4,4’-diaminodiphenyl ether
was added, and the stirring was continued. After about 30 minutes, the stirring was stopped, giving a varnish in which
the raw material composition of the terminally modified polyimide resin was uniformly dissolved in ethanol.

[0161] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 250°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while ethanol was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg and Rg were a 2-phenyl-4,4’-
diaminodiphenyl ether residue, and m =7 and n = 0 on average.

[0162] The powdery terminal-modified imide oligomer before curing had a Tg of 245°C from DSC measurement result
and had a minimum melt viscosity of 410 Pa-s (340°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 86 um). IR spectrum meas-
urement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-*
assigned to the stretching vibration of the triple bond in PEPA as the terminal group of the modified imide oligomer, and
this indicated that the pressurized thermoforming allowed the terminally modified imide oligomer component in the film-
like imide resin composition to undergo thermal addition reaction and to be polymerized. The film-like cured product had
a Tg of 332°C by DSC measurement, a Tg of 333°C by DMA measurement, and a 5% weight loss temperature of 538°C
by TGA. As for the mechanical characteristics by tensile test, the film-like cured product had an elastic modulus of 3.2
GPa, a breaking strength of 144 MPa, and a breaking elongation of 33%.

(Example 6)

[0163] Intoa 100-mL sample bottle, 4.446 g (16.1 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether (B) and 6.8 g (117.1
mmol) of acetone were placed and completely dissolved, and then 4.000 g (12.9 mmol) of 1,2,4,5-benzenetetracarboxylic
acid diethyl ester (A) produced in Production Example 2 and 1.913 g (6.5 mmol) of 4-(2-phenylethynyl)phthalic acid
monoethyl ester (C) produced in Production Example 4 were added. The container was purged with nitrogen and sealed,
and stirring of the resulting suspension was started at room temperature. After the start of stirring, the start of gradual
dissolution of the ester compounds in the solvent was observed, and the compounds were completely uniformly dissolved
at 60 minutes after the start of stirring. The solution was further continuously stirred, and at 24 hours after the start of
stirring, the stirring was stopped, giving a varnish in which he raw material composition of the terminally modified polyimide
resin was uniformly dissolved in acetone.

[0164] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 200°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while acetone was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R;
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg and Rg were a 2-phenyl-4,4’-
diaminodiphenyl ether residue, and m =4 and n = 0 on average.

[0165] The powdery terminal-modified imide oligomer before curing had a Tg of 210°C from DSC measurement result
and had a minimum melt viscosity of 80 Pa-sec (340°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 90 wm). From IR spectrum
measurement of some of the film-like imide resin composition, the phenylethynyl moiety as the terminal group of the
terminally modified imide oligomer indicated that the pressurized thermoforming allowed the terminally modified imide
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oligomer component in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized.
The film-like cured product had a Tg of 342°C by DSC measurement, a Tg of 338°C by DMA measurement, and a 5%
weight loss temperature of 538°C by TGA. As for the mechanical characteristics by tensile test, the film-like cured product
had an elastic modulus of 3.1 GPa, a breaking strength of 140 MPa, and a breaking elongation of 28%.

(Example 7)

[0166] Into a 100-mL sample bottle, 4.541 g (14.00 mmol) of 1,2,4,5-benzenetetracarboxylic acid diisopropyl ester
produced in Production Example 3, 1.177 g (4.00 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester produced
in Production Example 4, and 3.4 g (38.6 mmol) of 1,4-dioxane were placed. The container was purged with nitrogen
and sealed, and the resulting suspension was continuously stirred at about 70°C. At 60 minutes after the start of stirring,
4.421 g (16.0 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether was added, and the stirring was continued. After about 30
minutes, the stirring was stopped, giving a varnish in which the raw material composition of the terminally modified
polyimide resin was uniformly dissolved in ethanol.

[0167] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 100°C for 3 hours and further heating the varnish at 250°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while 1,4-dioxane was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg and Rq were a 2-phenyl-4,4’-
diaminodiphenyl ether residue, and m =7 and n = 0 on average.

[0168] The powdery terminal-modified imide oligomer before curing had a Tg of 244°C from DSC measurement result
and had a minimum melt viscosity of 380 Pa-s (340°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 96 um). IR spectrum meas-
urement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210 cm-*
assigned to the stretching vibration of the triple bond in PEPA as the terminal group of the terminally modified imide
oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified imide oligomer component
in the film-like imide resin composition to undergo thermal addition reaction and to be polymerized. The film-like cured
producthada Tg of 340°C by DSC measurement, a Tg of 338°C by DMA measurement, and a 5% weightloss temperature
of 538°C by TGA. As for the mechanical characteristics by tensile test, the film-like cured product had an elastic modulus
of 3.1 GPa, a breaking strength of 139 MPa, and a breaking elongation of 32%.

(Comparative Example 3)

[0169] Into a 100-mL three-necked flask equipped with a thermometer, a stirrer, and a nitrogen inlet tube, 3.484 g
(12.6 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether, 0.488 g (1.4 mmol) of 9,9-bis(4-(4-aminophenoxy)phenyl)fluorene,
and 10 mL of N-methyl-2-pyrrolidone were placed and dissolved. Next, 2.619 g (12.0 mmol) of 1,2,4,5-benzenetetracar-
boxylic dianhydride and 0.8 mL of N-methyl-2-pyrrolidone were added. Under a nitrogen stream, the mixture was po-
lymerized at room temperature for 2.5 hours, then at 60°C for 1.5 hours, and at room temperature for 1 hour, giving an
amic acid oligomer. To the reaction solution, 0.993 g (4 mmol) of 4-(2-phenylethynyl)phthalic anhydride was added.
Under a nitrogen stream, the mixture was reacted at room temperature for 12 hours to undergo terminal modification
and subsequently was stirred at 195°C for 5 hours to undergo imide bond formation.

[0170] Atfter cooling, the reaction solution was poured into 900 mL of ion-exchanged water, and precipitated powder
was collected by filtration. The powder was washed with 80 mL of methanol for 30 minutes, and the powder obtained
by filtration was dried under reduced pressure at 130°C for a day, giving a product. The obtained terminal-modified imide
oligomer was represented by General Formula (5) in which Rg and R; were a hydrogen atom or a phenyl group, one of
Rg and R, was a phenyl group, Rg and Rg were a 2-phenyl-4,4’-diaminodiphenyl ether residue or a 9,9-bis(4-aminophe-
nyl)fluorene residue, and m = 6 and n = 1 on average.

[0171] The powdery terminal-modified imide oligomer before curing had a Tg of 213°C from DSC measurement result
and had a minimum melt viscosity of 9,036 Pa-sec (346°C). Some of the powdery terminal-modified imide oligomer was
inserted between two polyimide films (trade name: UPILEX-75S; thickness: 75 um; size: 15 cm per side; manufactured
by Ube Industries, Ltd.) having excellent surface smoothness. The whole was pressurized at 370°C for 1 hour, then
cooled, and released, giving a transparent red-brown film-like cured product (a thickness of 100 wm). IR spectrum
measurement of some of the film-like imide resin composition showed the disappearance of the absorption around 2,210
cm! assigned to the stretching vibration of the triple bond in the phenylethynyl moiety as the terminal group of the
terminally modified imide oligomer, and this indicated that the pressurized thermoforming allowed the terminally modified
imide oligomer component in the film-like imide resin composition to undergo thermal addition reaction and to be po-
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lymerized. The obtained film-like cured product had a Tg of 356°C by DSC measurement, a Tg of 356°C by DMA
measurement, and a 5% weight loss temperature of 538°C by TGA. As for the mechanical characteristics by tensile
test, the film-like cured product had an elastic modulus of 3.2 GPa, a breaking strength of 132 MPa, and a breaking
elongation of 15%.

[0172] Each vacuum-dried product of the varnishes obtained in Examples 1 to 7 had excellent solubility in organic
solvents such as methanol.

[0173] The varnishes obtained in Examples 1 to 7 were allowed to stand in a freezer at -5°C. After several months,
the varnishes were taken out and thawed to room temperature. Observation of the solution states indicated no precipitate
or gelation. GPC measurement gave the same GPC curves before and after the frozen storage. These results revealed
that the varnishes produced by the present invention have excellent long-term storage stability.

[0174] Each solid imide resin composition obtained by heating the varnishes obtained in Examples 1 to 7 had a
minimum melt viscosity of higher than 300°C, which indicates excellent melt flowability at high temperature and excellent
molding processability.

[0175] Each film-like molded article obtained by heating the solid imide resin compositions obtained in Examples 1 to
7 in a molten state to be polymerized had a Tg of higher than 300°C and underwent almost no thermal decomposition
even at a high temperature of higher than 500°C. This result reveals that the cured resin moldings have extremely high
heat resistance and also have high breaking strength and breaking elongation.

[0176] The varnishes obtained in Examples 1 to 7 included organic solvents having lower boiling points than those
included in the varnishes obtained in Comparative Examples 1 to 3. It is thus obvious that such organic solvents can be
readily removed out of the system for a short period of time, and a polyimide powder having excellent thermal properties
can be simply obtained without any special purification operation (reprecipitation).

(Production Example 5)

[0177] Into a 1,000-mL four-necked flask equipped with a thermometer, a stirrer, a nitrogen inlet tube, and a reflux
condenser, 80.40 g (368.6 mmol) of 1,2,4,5-tetracarboxylic dianhydride and 26.14 g (105.3 mmol) of 4-(2-phenylethy-
nyl)phthalic anhydride were placed, and 109.00 g (2.36 mol) of ethanol was added. Under a nitrogen stream, stirring of
the resulting suspension was started while the suspension was heated and refluxed at 105°C. After the start of stirring,
acid anhydrides were observed to be gradually dissolved in the solvent, and at about 60 minutes after the start of stirring,
the compounds were completely dissolved. When the solution was further continuously stirred, some insoluble precipitate
was observed in the solvent. At 120 minutes after the start of stirring, the heating was stopped, and the mixture was
cooled to room temperature, giving a suspension solution. In theory, 1,2,4,5-tetracarboxylic acid diethyl ester as the
component (A) and 4-(2-phenylethynyl)phthalic acid monoethyl ester as the component (C) were formed in the suspension
solution.

[0178] Next, to the suspension solution, 104.77 g (379.1 mmol) of 2-phenyl-4,4’-diaminodiphenyl ether, 14.68 g (42.1
mmol) of 9,9-bis(4-(4-aminophenoxy)phenyl)fluorene, and 17.54 g (547.4 mmol) of methanol were added. The flask was
purged with nitrogen and sealed, and stirring of the resulting suspension was started at room temperature. After the
start of stirring, the start of gradual dissolution of the precipitate in the solvent was observed, and the precipitate was
completely uniformly dissolved at 60 minutes after the start of stirring. The solution was further continuously stirred, and
at 24 hours after the start of stirring, the stirring was stopped, giving a varnish (solid content concentration: about 70%
by weight) in which the raw material composition of the terminally modified polyimide resin was uniformly dissolved in
a mixed solvent of ethanol and methanol.

(Example 8)

[0179] Some of the varnish produced in Production Example 5 was infiltrated into plain-weave fabrics "Besfight IM-
600 6K" (a fiber basis weight of 195 g/m, made of carbon fiber) with dimensions of 12.5 cm X 12.5 cm manufactured
by TOHO TENAX CO., Ltd. that had been desized with acetone, giving 20 wet prepregs to which the raw material
composition of the terminally modified polyimide resin was attached. The weight contents of the raw material composition
of the terminally modified polyimide resin, solvent, carbon fiber were about 46 wt-%, 12 wt-%, 42 wt-% in the obtained
wet prepregs, respectively.

(Example 9)
[0180] By heating three wet prepregs, to which the raw material composition of the terminally modified polyimide resin
was attached, produced in Example 8 in a circulation air oven at an internal temperature of 200°C for 1 hour, amic acid

bond formation reaction and imide bond formation reaction were carried out while the alcohol components in the prepregs
were removed, giving imide dry prepregs of the terminally modified imide oligomer. The obtained imide dry prepreg had
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an average terminal-modified imide oligomer content of about 47% by weight and an average carbon fiber content of
about 53% by weight.

[0181] Visual observation of the appearance of the obtained imide dry prepreg showed that the resin was uniformly
attached to the surface and the inside of the carbon fibers, and this indicated the imide prepreg had excellent adhesiveness
between the resin and the prepreg.

(Example 10)

[0182] On a stainless steel plate having dimensions of 30 cm X 30 cm, a polyimide film was placed as a release film,
and 12 wet prepregs of the raw material composition of the terminally modified polyimide resin produced in Example 8
were stacked on the film. A polyimide film and a stainless steel plate were further stacked. The whole was heated on a
hot press at a temperature increase rate of about 5°C/min from room temperature to 80°C and heated at 80°C for 1
hour. The whole was then heated at a temperature increase rate of about 5°C/min from 80°C to 200°C and heated at
200°C for 1 hour. The whole was further heated at a temperature increase rate of about 5°C/min from 200°C to 260°C
and heated at 260°C for 1 hour. Next, the whole was heated under a pressure condition of 1.3 MPa at a temperature
increase rate of about 5°C/min to 370°C and was heated under the same pressure condition at 370°C for 1 hour. The
appearance observation revealed the production of a good fiber-reinforced composite material laminate having very
smooth surfaces and containing the resin that was uniformly infiltrated into the fibers. The obtained laminate had a glass
transition temperature (DSC) of 356°C, a fiber volume fraction (Vf) of 0.48, and a resin content of 37 wt%.

[0183] The DMA measurementandthe TGA measurementrevealed that the organic solvents having low boiling points,
such as ethanol and methanol, contained in the varnishes were completely removed from the obtained fiber-reinforced
composite material laminate by the heat treatment.

[0184] The obtained fiber-reinforced composite material laminate had a glass transition temperature of higher than
300°C, which indicates excellent heat resistance, and had an interlaminar shear strength of about 70 MPa determined
by short beam shear test in a three-point bending manner, which indicates excellent mechanical characteristics.
[0185] The inside of the laminate was observed by ultrasonic defect test and by cross section observation under an
optical microscope, and no void was observed. This indicates that the fiber-reinforced composite material has extremely
high quality.

(Comparative Example 4)

[0186] Intoa 100-mL sample bottle, 1.741 g (16.1 mmol) of p-phenylenediamine and 6.8 g (212.2 mmol) of methanol
were placed and completely dissolved, and then 4.000 g (12.9 mmol) of 1,2,4,5-benzenetetracarboxylic acid diethyl
ester produced in Production Example 2 and 1.913 g (6.5 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl ester
produced in Production Example 4 were added. The container was purged with nitrogen and sealed, and stirring of the
resulting suspension was started at room temperature. After the start of stirring, the start of gradual dissolution of the
ester compounds in the solvent was observed, and the compounds were completely uniformly dissolved at 60 minutes
after the start of stirring. The solution was further continuously stirred, and then at 24 hours after the start of stirring, the
stirring was stopped, giving a varnish in which the raw material composition of the terminally modified polyimide resin
was uniformly dissolved in methanol.

[0187] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 200°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while methanol was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Rg and R; was a phenyl group, Rg and Rq were a p-phenylenediamine
residue, and m = 0 and n = 4 on average.

[0188] The powdery terminal-modified imide oligomer before curing was not melted even when heated at 300°C or
higher, and failed to give a cured resin film.

(Comparative Example 5)

[0189] Intoa 100-mL sample bottle, 4.707 g (16.1 mmol) of 1,3-bis(4-aminophenoxy)benzene and 6.8 g (212.2 mmol)
of methanol were placed and completely dissolved, and then 4.000 g (12.9 mmol) of 1,2,4,5-benzenetetracarboxylic
acid diethyl ester produced in Production Example 2 and 1.913 g (6.5 mmol) of 4-(2-phenylethynyl)phthalic acid monoethyl
ester produced in Production Example 4 were added. The container was purged with nitrogen and sealed, and stirring
of the resulting suspension was started at room temperature. After the start of stirring, the start of gradual dissolution of
the ester compounds in the solvent was observed, and the compounds were completely uniformly dissolved at 60 minutes
after the start of stirring. The solution was further continuously stirred, and then at 24 hours after the start of stirring, the
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stirring was stopped, giving a varnish in which the raw material composition of the terminally modified polyimide resin
was uniformly dissolved in methanol.

[0190] The varnish was placed in a glass petri dish. By heating the varnish in a circulation air oven at an internal
temperature of 60°C for 3 hours and further heating the varnish at 200°C for 1 hour, amic acid bond formation reaction
and imide bond formation reaction were carried out while methanol was removed, yielding a terminally modified imide
oligomer. The obtained terminal-modified imide oligomer was represented by General Formula (5) in which Rg and R,
were a hydrogen atom or a phenyl group, one of Rg and R, was a phenyl group, Rg and Rq were a 1,3-bis(4-aminophe-
noxy)benzene residue, and m = 0 and n = 4 on average.

[0191] The powdery terminal-modified imide oligomer before curing was not melted even when heated at 300°C or
higher, and failed to give a cured resin film.

Industrial Applicability

[0192] The present invention can provide a varnish having excellent solubility in organic solvents having low boiling
points, such as alcohols, and excellent solution storage stability. The terminally modified imide oligomer produced by
using the varnish exhibits excellent moldability, and thermal curing of the oligomer enables the production of a cured
product having high heat resistance, toughness, and mechanical characteristics.

[0193] When a prepreg or an imide prepreg prepared by infiltrating the varnish into fibers is used to form a composite
material, the organic solvent can be completely removed during thermal curing, and this enables simple production of
a fiber-reinforced composite material having exceptional mechanical strength and high heat resistance. On this account,
such materials are usable in wide variety of fields as member materials requiring easy moldability and high heatresistance,
including aircraft and apparatuses for the aerospace industry.

Claims

1. A varnish comprising components (A) to (D),
the components (A), (B), and (C) being dissolved in the varnish,
the component (A) being an aromatic tetracarboxylic acid diester represented by General Formula (1) and being
contained in an amount of 1 to 500 parts by weight,
the component (B) being 2-phenyl-4,4’-diaminodiphenyl ether and being contained in an amount of 1 to 450 parts
by weight,
the component (C) being a 4-(2-phenylethynyl)phthalic acid monoester represented by General Formula (2) and
being contained in an amount of 1 to 400 parts by weight,
the component (D) being an organic solvent having a boiling point of 150°C or less at 1 atmosphere or a mixture of
two or more of the organic solvents and being contained in an amount of 100 parts by weight

[C. 1]

0O 0

R,——o)l\ OH
TReT m
Ho\lH \(O—Rg

O o)

(where R, is an aromatic tetracarboxylic acid diester residue; R, and R; are the same or different and are an aliphatic
organic group or an aromatic organic group; R, and R are located in a cis configuration or a trans configuration;
and the compound is optionally a single isomer or a mixture of two isomers)
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(where R4 and Rj are a hydrogen atom, an aliphatic organic group, or an aromatic organic group; and one of Ry
and R is an aliphatic organic group or an aromatic organic group).

The varnish according to claim 1, wherein the aromatic tetracarboxylic acid diester residue represented by Ry in
General Formula (1) is a tetravalent residue of a 1,2,4,5-benzenetetracarboxylic acid.

The varnish according to claim 1, wherein the aromatic tetracarboxylic acid diester residue represented by Ry in
General Formula (1) is a tetravalent residue of a 3,3',4,4’-biphenyltetracarboxylic acid.

The varnish according to claim 1, wherein two or more of a tetravalent aromatic tetracarboxylic acid diester repre-
sented by General Formula (1) in which R, is a tetravalent residue of a 1,2,4,5-benzenetetracarboxylic acid, an
aromatic tetracarboxylic acid diester represented by General Formula (1) in which R, is a tetravalent residue of a
3,3’,4,4’-biphenyltetracarboxylic acid, and an aromatic tetracarboxylic acid diester represented by General Formula
(1) in which Ry is a tetravalent residue of a bis(3,4-carboxyphenyl) ether are used in combination.

The varnish according to any one of claims 1 to 4, wherein 2-phenyl-4,4’-diaminodiphenyl ether and two or more of
divalent aromatic diamines are used in combination.

A solid imide resin composition represented by General Formula (3), obtained by heating the varnish according to
any one of claims 1 to 5 to remove the organic solvent:

[C. 3]

s g

0 Ry o

N W @)
o= ,,%y"'{:" P *%ggf\ J%g}»o
m n

(where Rg and R; are a hydrogen atom or a phenyl group; one of Rg and Ry is a phenyl group; Rg and Rgq are the
same or different and are a divalent aromatic diamine residue; R4y and R4, are the same or different and are a
tetravalent aromatic tetracarboxylic acid residue; m and n satisfy relationsofm>1,n>0,1<m + n <10, and 0.05
<m/(m + n) < 1; and repeating units are optionally arranged in a block sequence or a random sequence).

A molded article of a polymerized imide resin composition, wherein the polymerized imide resin composition is
obtained by heating the solid imide resin composition according to claim 6 in a molten state.

The molded article according to claim 7, wherein the polymerized imide resin composition has a glass transition
temperature (Tg) of 300°C or more.

A film obtained from the molded article according to claim 7 or 8, having a tensile elongation at break of 10% or more.

10. A prepreg comprising:

the varnish according to any one of claims 1 to 5, and fibers,
wherein the varnish is infiltrated in the fibers.
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An imide prepreg obtained by further heating the prepreg according to claim 10.

A fiber-reinforced composite material obtained by stacking the prepregs according to claim 10 or the imide prepregs
according to claim 11 and thermally curing the stacked prepregs.

The fiber-reinforced composite material according to claim 12, having a glass transition temperature (Tg) of 300°C
or more.

A method for producing the varnish according to claim 1, the method comprising:

heating an aromatic tetracarboxylic anhydride and 4-(2-phenylethynyl)phthalic anhydride in a state the aromatic
tetracarboxylic anhydride and the 4-(2-phenylethynyl)phthalic anhydride are dissolved in an organic solvent
having a boiling point of 150°C or less at 1 atmosphere, to prepare an aromatic tetracarboxylic acid diester
represented by General Formula (1);

preparing a solution of an organic solvent having a boiling point of 150°C or less at 1 atmosphere, which contains
the aromatic tetracarboxylic acid diester represented by General Formula (1) and a 4-(2-phenylethynyl)phthalic
acid monoester represented by General Formula (2);

adding a diamine including 2-phenyl-4,4’-diaminodiphenyl ether to the solution; and

uniformly dissolving, in the solution, the diamine including 2-phenyl-4,4’-diaminodiphenyl ether.
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